Up to the present time seven entities have been described in the vitamin-B complex [1] . It is not yet certain that there are seven different chemical substances, but there are almost certainly five. Only two of these, vitamin B1 (also known as aneurin or thiamin) and nicotinic acid (the antipellagra factor) are important in the nutrition of man, though it is unlikely that lactoflavin is not also important, because it forms part of a tissue respiration system. The other parts of the complex are known at present only as animal factors. In the nutrition of the growing animal, deficiency of a factor soon makes itself felt by failure to grow. With the adult it must always be remembered that a deficiency only shows up when a factor is easily lost; the more tenaciously any vitamin is held by the body, the less will it be likely to be a serious element in causing gross pathological change. It is for instance hard to deprive an adult rat of lactoflavin sufficiently to cause symptoms, though the young rat cannot grow without a substantial addition to the daily diet.
though the young rat cannot grow without a substantial addition to the daily diet.
The most important vitamin in the group as well as the earliest to be properly defined is vitamin B1; the constitution of this we now know even by synthesis [1] , and the amounts available make work upon the clinical and physiological sides more possible. For the earlier literature dealing with this vitamin, the reader is referred to an earlier paper [2] , and to the book by Williams and Spies [3] , and for later references to the Annual Review of Biochemistry. There is now little doubt that most if not all living cells require this factor; some bacteria, will not grow without it, and others which grow well in its absence synthesize it. Its function in the metabolism of yeast is of the greatest interest, because there is reason to believe that without it we could not have wine or alcoholic drink. It has been known for a long time that an essential stage in the production of alcohol from sugar was the conversion of pyruvic acid (CH3COCOOH) to acetaldehyde (CH3CHO) and C02, and that this w,as carried out by a special enzyme carboxylase (Neuberg [1] ) ; a co-enzyme is necessary for this change called co-carboxylase (Auhagen [1] ), which was lately shown to be vitamin B1 pyrophosphate by Lohmann and Schuster [4] . This is therefore essential in the production of the acetaldehyde which is subsequently converted to alcohol by reduction. It may be noted that, even in this low form of life, the vitamiin is concerned with a stage in carbohydrate metabolism, because the pyruvic acid is an intermediary in sugar degradation.
In recent years, work which preceded the above discovery in yeast has shown that vitamin B1 is also concerned with carbohydrate metabolism in the higher organism. Before proceeding to a description of the more recent work on this problem, some general remarks are necessa,ry upon carbohydrate metabolism to clear the point at issue. In the higher animal there are two rather distinct phases of the sugar metabolism, that of the individual cells and that of the body as a whole. We can induce changes in the blood-sugar level (alteration in tolerance, &c.), without changing appreciably the details of the breakdown of sugar in the cells of individual tissues. On the other hand, we can imagine that there might be conditions in which locally the sugar metabolism of an individual tissue might be at fault without much effect upon the blood-sugar level. If it happened that the normal functioning of tissue cells whose metabolism of sugar was upset, was an important condition in the control of AIAY-THER. 1 some feature of the general sugar metabolism as reflected in the blood-sugar level, then we might expect that disturbance of the tissue sugar metabolism would cause as a secondary effect derangement of blood-sugar levels. The extent of such an upset would depend of course upon the degree to which the individual cell relied for its proper functioning upon carbohydrate rather than fat. If a vitamin therefore affects the sugar metabolism of any body cell, in theory two things may happen; not only may the cell itself be deranged in its metabolism, but also through failure to carry out its proper integrated function in the body as a whole, there may arise general changes in carbohydrate metabolism. The principle is an important general one of wide application. In the case of vitamin-B1 deficiency, the organs to suffer seriously in metabolism from lack of vitamin B1 are the brain and nervous tissues, the heart, and the kidney. I believe that owing to the dysfunction of lower parts of the brain, certain other disturbances take place in the general sugar metabolism as a secondary problem. The symptoms which manifest themselves in man in beri-beri are well known clinically. In animals, we find an initial anorexia, not only characteristic of this vitamin, but also of others; loss of weight, unless there is artificial feeding, the appearance of certain symptoms of a nervous type, sometimes cedema (increase(l by salt feeding) ; there may also appear changes in sugar tolerance in the terminal stages as well as abnormal body temperature.
There is now proof that there is a fault induced in the sugar metabolism of the brain by lack of vitamin B1 in the tissue. The main points in this proof may now be given; they supplement those described in 1934 to the Section of Tropical Medicine. Avitaminous brain tissue from a pigeon suffering from symptoms of opisthotonos is removed and mashed, and subsequently introduced into apparatus for measuring respiration in vitro in a suitable Ringer-phosphate medium containing lactate as substrate. Lactate is an intermediary in the sugar metabolism of this system, because such brain tissue rapidly splits down glucose into lactic acid by the process of glycolysis, which is outside the scope of this discussion. After a suitable time at 38°C. it is found that pyruvate is present in the respiration bottles [51. This has been formed from lactate by an oxidative reaction. If vitamin B1 is added, there is practically no pyruvate formed, but at the same time the respiration is increased ; very small amounts of vitamin B1 (0.2 y/ per c.c. y = 0-001 mgm.) sufficing for producing a maximum change. We can NA-rite therefore the following equation:-Lactate 0 --Pyruvate (n) 0* CO2 + H + other oxidation products.
AVitamin B1
It can be shown in several ways that it is only the pyruvate system that is affected.
One of the best methods is to use a substrate for the brain enzymes not belonging to the carbohydrate series, such as suceinate, when there is found to be no change as the result of adding vitamin. An important point is that normal tissue shows practically no formation of pyruvate and no effect of added vitamin. In several experiments of this type, the conclusion has been reached that the brain tissue itself is deficient in vitamin B1, and that this failure causes a fault in the sugar metabolism at the pyruvate stage. One particularly important point in the proof that these in vitro effects are not artificial is the existence of pyruvate in the blood from avitaminous animals. This was discovered first by Thompson in the blood of avitaminous pigeons and rats (Thompson and Johnson [7] ), and has been ably extended to human cases of beri-beri by Platt and Lu [8] . It is probable that other abnormal substances are present and in some diseases of children methyl glyoxal has been described [9] , but I believe that these are in some way secondary to the fault in pyruvic acid. Though the pyruvate in blood is associated strictly with the avitaminous condition, its extent does not correspond exactly with the symptoms, which are due to a fault in the cell machinery. It is an error to think that the pyruvic acid is a toxic agent. It is interesting to note 34 808 35 Section of Therapeutics and Pharmacology 809 that the discovery of pyruvic acid in the blood of human beri-beri arose from the original observation carried out upon pigeons' brain tissue in vitro for quite theoretical reasons.
So in the higher animals we find vitamin B1 also concerned with the metabolism of the pyruvic acid molecule, but as often happens in Nature, there are important differences in detail. Unlike yeast, no CO2 formation takes place without oxidation, and no formation of acetaldehyde. The object seems to be to get the maximum amount of energy out of the compound, and at the same time to avoid the formation of the highly reactive substance acetaldehyde, which might be dangerous to the higher organism.
Some detailed investigations in Oxford and elsewhere have been made of the oxidation products of pyruvic acid by brain tissue. McGowan [10] in particular has shown that the pyruvic acid is not completely burnt. Part escaping complete combustion has been found by Long [11] to give rise to acetic acid, which is not further oxidized by brain tissue. Both these are aerobic reactions. Anaerobically another reaction has been realized by Krebs and Johnson [12] , namely the simultaneous formation of lactic acid, acetic acid, and CO2. Though a balance sheet can now be constructed in vitro, it is not certain in the living brain what proportion of each of these pyruvic acid reactions takes place, but it is probable that Nature has several alternative methods of obtaining energy for its essential reactions from this carbohydrate intermediate, of which direct oxidation yields the most energy.
The problem which we and others have tried to tackle lately has been whether the vitamin present in the brain is diphosphorylated as suggested by Lohmann and Schuster from their yeast work. At present the provisional view has been reached that in brain as in yeast the active form of vitamin B1 is so phosphorylated. Some of the evidence for this is as follows: During the presymptom condition in pigeons fed upon polished rice diet, there is a large decrease in the co-carboxylasel normally present in the brain tissue.
A further decrease takes place in animals showing symptoms, and when these symptoms have improved there is found an increase. At the same time there is little free vitamin B, in the brain itself. Again it can be proved that liver rapidly synthesizes co-carboxylase from vitamin B, administered by the mouth or by injection; these results obtained by Dr. Ochoa and myself [13] have been reached using an enzymic method of estimation, made possible by the discovery by Ochoa that vitamin B1 stimulates CO2 production of co-carboxylase from yeast. They have been confirmed by a quite different method by Westenbrink and Goudsmit [14] , in which they have shown also that the kidney has synthetic powers. Upon the question as to the form in which vitamin B1 is transported in blood we leave Mr. Sinclair to describe results of his recent work. In vitro brain tissue has a poor capacity for synthesis of the phosphoric esters as compared with liver. This story is now complete except in one detail. Vitamin B1 has a much better catatorulin effect (i.e. in vitro) than its pyrophosphoric ester. It is not yet known whether this is fundamental or merely some accident of permeability.
Considered as a whole the evidence for vitamin-B1 connexion with an intimate detail in sugar metabolism of the cell is conclusive. It is not certain whether the large amounts of pyruvic acid found in the blood of the beri-beri patient can all come from the nervous system. Platt and Lu think that there must be some other source, but it seems significant that the brain tissue which depends almost entirely upon carbohydrate for its metabolism should suffer worst by lack of an important catalyst in this system. Roughly speaking, the tissues most continuously at work, heart, lower parts of brain and kidneys, suffer most quickly from a failure of vitamin.
Presumably there is some loss of the molecule during active work. The primarv problem therefore in assessing the avitaminous condition in an animal is to decide Proceedings of the Royal Society of Medtcine 36 which tissues most rapidly become sufficiently deficient in the factor to be pathological. This stage for a given tissue can never be reached until the stores in other parts of the body are depleted or until other tissues can no longer liberate in some wray sufficient traces of the vitamin for more essential tissues. There must always be a preliminary period during which the deficiency remains latent in the adult, though in this state it is likely to show up by a diminuition in the weight of the body.
It is clear that failure of essential cells in the brain concerned in the endocrine regulation of blood-sugar can hardly fail to produce changes in the general carbohydrate metabolism. This I believe to be the explanation of some of the terminal changes in sugar tolerance, and of the large increases of glycogen sometimes observed in the liver [1.5] . In any case the most sensible and fruitfiul theory is that the changes in general carbohydrate metabolism are secondary to the primary disturbance in the intermediary carbohydrate metabolism of the cells of certain tissues. From the above it will be clear that the clinical conditions likelv to lie in the realm of vitamin-B1 deficiency will have as their initial focus the tissues which I have mentioned (namely brain and nervous system, heart and kidney). Unfortunately it is impossible to remove the pieces of tissue in man for investigation, much as we might like as scientists to do so W We are therefore limited to observations upon the blood and to the attempt to decide in given groups of cases whether vitamin B1 has had a curative effect. We must consider that in all cases (and this includes fever as well as pregnancy) where there is a raised metabolism and an increased consumption of carbohydrate food, automatically more vitamin B1 is required. Unless the carbohydrate food contains this vitamin there is (listinct danger of slight deficiency. This deficiency may be definitely accentuated by changed endocrinal conditions. The best example of this which I know is byperthvroidism in rats. Barnet Sure and Buchanan [16] have found that large doses of vitamin B1 prevent to some extent the fall in weight of young rats injected with thyroxin, and lately Drill and Sherwood [17] find that a similar phenomenon is true for the adult rats. In preliminary as yet unpublished results which confirm and slightly extend these, AMr. Rossiter and I can say that aduilt rats fed upon normal (loses of vitamin B1 given in the diet nevertheless require additional (loses of vitamin B1 to protect against the fall in Mweight produced by thyroid feeding, and may even show a deficiency of the vitamin in kidney and brain by the catatorulin test; in rat-brain it is even difficult to showr these effects by vitamin B1 deficiency. Such animals are therefore, by thyroid feeding, changed into animals having an idiosyncrasy for more vitamin B1. If this can happen so clearly in the case of one endocrine disturbance, it should open our eyes to the possibility that other similar disturbances may be at work with other factors. In any case such knowledge must upset any complacent feeling wNe may Lave that an average mixed diet is sufficient for all individuals. Now that there are some methods available for compluting the vitamin-B1 content of diets, there is little excuse for not making an inquiry into the diet as a routine examination. Much is talked of preventive medicine. It is very probable that early heart strain might be avoided by preventing temporary slight vitamin deficiency.
The relation of vitamin B1 to the carbohydrate metabolism has been the burden of this communication. Carbohydrate metabolism is ultimately closely linked with the metabolism of fat, and in fact fat is well known to be formed from carbohydrate. We might expect therefore that a failure of fat synthesis will take place with a deranged carbohydrate metabolism, though it might be that earlier stages in the degradation of sugar than pyruvic acid will be needed for fat synthesis. Some results by McHenry and colleagues [19] show that in animals vitamin B1 administration leads to a rapid synthesis of fat. This suggests that degradation of pyruvic acid by vitamin B1 is an essential element in such fat synthesis. To this extent vitamin B1 may be said to be responsible for fat metabolism, but I think it a wrong interpretation if more than this is claimed. Another aspect of the subject which is really different is that of the 37 Section of Therapeutics and Pharmacology 811 sparing action of fat upon the utilization of vitamin B1 [20] . This has been now proved satisfactorily from several researches, so that it can be assumed that fat in the diet lessens the demand for vitamin B1. It is my opinion that the correct interpretation of such experiments lies in the realization that the breakdown of fat to provide energy in these cases is carried through in the main without transformation to carbohydrate so that the use of vitamin B1 or its compounds as a catalyst is not necessary. At present there exists no evidence that vitamin B1 is concerned in the higher animal with any other compound than pyruvic acid. APPENDIX (with R. J. Rossiter).- Fig. 1 shows the effect of vitamin B1 upon a rat feeding ad libitum upon a full mixed diet + desiccated thyroid (0 4 mgm./diem). The rise of weight is sensational; in this case it was above the initial weight. gives a comparison of the weights of groups of six rats, normal, thyroxine injected (1 mgm./diem) and the same + vitamin B1(0T5 mgm./diem). The difference in behaviour is again very marked. It is significant to note that any increased metabolism compensated by increased food consu'mption should have -been fully corrected by the vitamin B1 already in the diet.
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Proceedings of the Royal Society qf Medicine 38 14 \VESTENBRINK, H. G. K., and GOUDSNIIT, J., Enzymologia, 1938. 15 ABDERHALDEN, E., and \WERTHEIMER, E., Arch. f. d. ges. Physiol., 1933, 233, 395. 16 SURE, B., and BUCHANAN, K. S., J. Nutrition, 1937, 13, 513. 17 DRILL, V. A., and SHERWOOD, C. R., Am. J. Physiol., 1938, 124, 683. 18 O'BRIEN, J. R., and PETERS, R. A., J. Physiol., 1935, 85, 454. 19 MCHENRY, E. \V., and GAVIN, G., J. Biol. Chem., 1938, 125, 653. 20 EVANS, H. M., and LEPKOVSKY, S., ibid., 1935, 108, 439. Dr. H. M. Sinclair: The causes of deficiency of vitanin B1.-The extent to which deficiency of vitamin B1 occurs in this country is not known. Gross deficiency is doubtless very rare, but there is an increasing amount of evidence that mild deficiency is much more common than is generally supposed. Some authorities doubt this: according to Hutchison and Mottram (1936) , " few, if any of us, lack " vitamin B1; Aykroyd (1936) believes " there is really little reason to believe that the average English or American dietary . . . contains insufficient vitamin B1 for health". Other authorities believe that mild deficiency is common : an Editorial in the British Medical Journal (October 16, 1937) stated that "there is therefore good reason to regard vitamin-B1 deficiency as an outstanding fault in the diets of many millions of people in this country " ; and according to Strauss (1938) beri-beri is endemic in the United States. The object of this communication is to show that deficienev can arise from factors other than a faulty diet. In a Discussion held at this Section exactly nine years ago, the opening speaker, Major-General Megaw, believed that a deficiency of vitamin B1 was not responsible for the ill-effects usually attributed to it, and stated that beri-beri M-as probably mainly caused by an intoxication due particularly to a poison in rice that had been stored in hot and damp places (Megaw, 1930) . In the nine years since that discussion very rapid advances have been made in the physiology of vitamin B1. Starting in 1929 with the observation that there is an abnormally large amount of lactic acid in the blood of pigeons wtith opisthotonos due to deficiency of vitamin B,, Peters has proved that the vitamin is a catalyst, or part of a catalyst, that is concerned with the oxidation of pyruvic acid. In its absence the oxidation of carbohydrate is arrested at the stage of pyruvic acid ; and this fault in metabolism, which occurs particularly in nerve cells, heart, andI kidney, is probably responsible for the symptoms and signs of polyneuritis in lower animals and beri-beri in man. The second important contribution has been made by Cowgill, who showed that an animal's requirement of vitamin B1 was proportional to the body-weight and total metabolism or calories. This, as will be shown below, has proved very usefiil in understanding the incidence of beriberi. The third contribution of great importance was the synthesis of the vitamin by Williams and others in 1936. This not only established the chemical formula of the compound, buit has also made the pure vitamin readily available for therapeutic purposes.
This and other w,ork done upon lower animals has advanced much more rapidly than work upon deficienev of vitamin B1 in man. A very large literature uipon the latter subject has grown up in recent years, but it has proved disappointingly little because the work has generally been uncritical and uncontrolled. The laboratory worker is surprised when he reads reports of the efficacy of vitamin B1 in the treatment of such diverse conditions as varicose veins, lead neuritis, subacute combined degeneration of the cord, disseminated sclerosis, anterior poliomyelitis, Korsakov's psychosis, sciatica, and in the induction of labour. His surprise turns to annoyance wM-hen he reads these papers and finds that the claim is not proved, for the exhibition of the vitamin has not been the only form of therapy and the remarkable ability of imiany patients (for instance, cases of disseminated sclerosis or of Korsakov's psychosis) to improve despite the interference of the clinician has been forgotten. To show that a condition is due to a deficiency of vitamin B1 it is desirable to show how such a deficiency could have arisen and that it responds to therapy with vitamin B1 alone; it is preferable also to show that at the time when the 8ymptoms and 8igns are developing there is an abnormally small amount of the vitamin in the blood or the urine. Deficiency may arise owing to several factors which will be mentioned presently, and it is not sufficient merely to calculate the vitamin/calorie ratio. Response to therapy or failure thereof is apt to be misleading unless certain points are borne in mind. It is in the early and acute stages that response will be most dramatic, when the biochemical lesion in the metabolism of the cell is easily corrected and has not yet led to irreversible disorganization of the cell. A pigeon that is blind and opisthotonic as a result of acute deficiency of vitamin B1 will recover completely within half an hour of the injection of the pure vitamin. In man, acute dilatation of the heart sometimes responds dramatically to therapy with the vitamin, and a copious diuresis may herald the disappearance of the cedema; but symptoms or signs caused by chronic degeneration of the neurones may be relieved little or not at all by administering the vitamin. Further, it is essential that the amount be adequate. Treatment should be started with intramuscular or intravenous injection of from 20 to 50 mgm. daily. Later the same dose may be given orally, or the injections decreased to 10 mgm. daily until the patient is completely relieved of symptoms. It is advisable to administer the vitamin by injection if there is doubt about its efficacy by mouth;
for instance Badger and Patrick (1938) found little effect on the neuritis of leprosy after oral administration, but good results after intramuscular injection.
Although the proof that clinical improvement is due to the vitamin rests upon administering it while all other relevant factors are controlled, such a procedure is in practice often unjustified. Many patients with dietary deficiency suffer from lack of more than one factor ; pellagra, although due to deficiency of nicotinic acid, is commonly accompanied by neuritis which is cured by vitamin B1 but not by nicotinic acid (Spies and Aring, 1938) , and some cases of scurvy have deficiency of vitamin B1 as well. Therefore it is essential in such cases to improve the diet and to administer suitable preparations of more than one vitamin in order adequately to treat the patient.
The most satisfactory way of proving deficiency is to show that the amount of vitamin in the plasma is significantly low. Estimation of pyruvic acid in the blood has been used, but is not very helpful because the customary method is not specific; and pyruvate tolerance curves were tried in America three years ago, but were similarly abandoned. Urinary estimations by four different methods have been done by several workers, but they have not yet been extensively used clinically. Two methods are available for estimating vitamin B1 in blood: the thiochrome method (Jansen, 1938) , which has only recently been used, and Schopfer's method which rests upon the ability of a fungus, Phycomyces blakesleeanus, to grow only in the presence of the vitamin (or certain closely related compounds), and which has been applied to bloo'd by Meiklejohn (1937) . Meiklejohn's method has been rather uncritically used by Rowlands and Wilkinson (1938) . I have been using this method, slightly modified, during the last two and a half years, and have recently showin (Sinclair, 1938c) that it is useful for comparative purposes, although it does not give true values for the total vitamin in blood. The results of determinations on about 200 cases were presented in June 1938 (Sinclair, 1938b) , and a further 200 have been examined since then. In these analyses values that are significantly below the normal range have been found in some cases of the following conditions only: pregnancy accompanied by poor diet, and macrocytic anaemia of pregnancy; pernicious anaemia with myxcedema, idiopathic steatorrhcea and cceliac disease, idiopathic hypochromic anaemia; nutritional, gastrogenous, gestational and " alcoholic" polyneuritides; scurvy, carcinoma and ulcer of the stomach and after gastrectomy, fatal pulmonary tuberculosis, anorexia nervosa, and " beri-beri heart ". Apparently normal values have been found in a variety of diseases, including subacute combined degeneration of the cord; disseminated sclerosis; toxic, infective and diabetic polyneuritides; osteomalacia, and nutritional cedema with low plasma protein.
The factors tending to produce deficiency may conveniently be summarized as follows:-A. Inadequate ingestion.
(1) Unbalanced diet.-Alcoholism, " glucose-lemonade ", gastric ulcer diets. Actual (leficient intake in otherwise normal people is undoubtedly rare in this country. Poor folk living on nmeagre diets ingest few calories and therefore, as Cowgill has shown, there is little tendency for them to develop polyneuritis. For that reason, too, polyneuritis is very rare in cases of anorexia nervosa and in professional fasters. But an unbalanced diet that is high in calories and low in vitamin B1 will produce symptoms of deficiency. Cases of " alcoholic " polyneuritis afford excellent examples, because they take a diet high in calories (most of the energy being supplied by alcohol) and low in vitamin B1 (since no form of spirits contains the vitamin). This disease, which afflicts spirit-drinkers in America but not beer-drinkers in England, has been proved to be due to deficiency of the vitamin (see Goodhart and Jolliffe, 1938) .
Analyses of blood mentioned above support this conclusion. Other unbalanced (liets may produice deficiency: for instance brandy and glucose, or glucose-lemonade, for fevers and ailing infants; diets for gastric ulcer. A case of beri-beri due to a reducing diet " wX-as described by Snyder (1936) .
A number of factors increase the requirement of the vitamin. Since it is necessary both for the oxidation of carbohydrate and for its conversion to fat, the requirement wNill be proportional to the quantity of carbohydrate ingested. Three cases have been recorded of beri-beri following the ingestion of abnormally large amounts of carbohydrate. Similarly, it is well known that fat has a sparing action (Evans and Lepkovskv, 1929) . Any factor that increases the metabolism of the body will increase the amount of vitamin required. Muscular work and rapid growth are two such factors and beri-beri is commonest in young adult males and breast-fed infants. But in the latter a more important factor obtains. The requirement of the vitamin in pregnancy is tripled, and during lactation it is also similarly increased. There is therefore a strong tendency for the pregnant or lactating woman to become deficient, and the breast-fed infant to follow suit. Most, but not all, of the cases of polyneuritis developing during pregnancy are probably due to deficiency of vitamin B1 (Hofmann, 1924; Strauss and McI)onald, 1933; Wu Hung Tak, 1937) . Fever also raises metabolism; the frequent association of beri-beri with prolonged fever has led some clinicians to believe that beri-beri is an infection and not a dietary deficiency. Further, vitamin B1 is stated to be effective in post-influenzal neuritis and the neuritis of leprosy. The other main condition in which metabolism is raised is hyperthyroidism, arid in this it is known that the requirement of the vitamin is increased (Cowgill and Palmieri, 1933) . Various workers have shown that administration of the vitamin prevents weight loss in animals fed on thyroid (Sure and Buchanan, 1937; Drill and Sherwood, 1938) and also lessens thyrotoxicosis and the operative mortality (Frazier and Ravdin, 1938; Schneider and Burger, 1938) . Weiss believes deficiency of vitamin B1 may explain why some patients with thvrotoxicosis have cardiac symptoms and cardiac dilatation.
Cowgill has shown that diuresis increases the requirement of vitanmin B1 (Cowvgill et al., 1930) . Although this is commonly not an important factor, it might be of importance in diabetes mellitus, particularly if treatment with a high carbohydrate diet is employed, thereby fuirther increasing the requirement of the vitamin. There is undoubtedly more than one form of diabetic neuritis, and there is no direct evidence that vitamin deficiency plays a part in any. However, just as the disturbance of carbohydrate metabolisin in deficiency of vitamin B1 affects nerve-cells predominantly because they oxidize mainly carbohydrate, so diabetes mellitus might cause neuritis owing to a disturbance in carbohydrate metabolism.
Finally, it is possible that both polycythmeniia and leucocytosis may increase the requirement of the vitamin, and one patient in my series who had a red cell count of 6,900,000 and a white cell count of 25 ',500 developed peripheral neuritis of unknown atiology, and had a very high value for the vitamin in the blood. It is known that there is practically no free vitamin B1 in blood because it is bound probably to protein (Sinclair, 1938a) Dr. Goodhart and I have recently found that there is very little vitamin (free or bound) in plasma, and most of it is bound inside (or on) the erythrocytes and particularly the polytnorphonuclear leucocytes. It is possible that the avidity of the cells of the blood for the vitamin may increase the requireinent ; the natter will be fiurther considered below.
Failure of assimilation of vitamin B1 may be due to destruction in the gut, failure of absorption from the gut, or failure of phosphorylation. Aarious authors (e.g. Strauss, 1934; Mackie and Pound, 1935) have pointed out that gastro-intestinal dvsfunction is often associated with deficiency diseases. There are many accounts of polvneuritis following carcinoma or ulcer of the stomach. In one such case that wlas studied recently (Laurent and Sinclair, 1938) , in which polyneuritis was accompanied bv a low value for vitamin B1 in blood and was cured by relieving the pyloric stenosis, it was suggested that some factor (possibly an enzyme) produced bv the stomiiach or duodenum might have destroyed or prevented the absorption of the vitamiiin in the prolonged presence of alkali. Soon afterwards, I found that incubating the vitamin with gastric or duodenal juice from patients with achlorhydria caused destruction. Mahlo (1938) has made the additional very interesting observation that the presence of h.min causes destruction even in an acid medium. So it is now easv to understand why patients with carcinoma or ulcer of the stomach may become deficient through destruction of the vitamin, even if the secretion of hydrochloric acid by the stomach is not diminished. Failure of absorption from the gut occurs in several conditions. Dann and Cowgill (1938) have shown experimentally that chronic diarrhea is one such cause; this probably explains the low blood values that I have found in some cases of steatorrhoea, and also the occurrence of beri-beri associated with oeeliac disease (Haas, 1929) , ulcerative colitis (Jones, 1933; Mackie, 1935) , and chronic bacillary dysentery (Keefer and Yang, 1931) . Deficiency may also occur after resections of the gut (Kohn, 1910; Urmy et al., 1934) ; I have found low values for the vitamin in two cases of polyneuritis following such operations. Finally, it is theoretically possible that failure of phosphorylation of the vitamin may cause symptoms and signs of deficiency. It has been proved that vitamin B1 must be converted into the pyrophosphoric ester before it acts as a catalyst in the body. Little as yet is known about the process of phosphorylation; according to it occurs in the liver, and beri-beri has been described in association with liver disease. However, Dr. Goodhart and I have recently fouind that cells derived from the reticulo-endothelial system (particularly polymorphonuiclear leucocytes and nucleated red blood corpuscles) appear to contain a very active enzyme system for converting vitamin B1 to the pyrophosphoric ester. It seems that the vitamin rapidly diffuses into the cells and, probably after phosphorylation, is bound to protein. For this reason there is very little vitamin in any form in plasma, and the amount in whole blood varies ceteris paribus with the red or white cell count. Further, pigeons have about three times as much vitamin per unit volume of blood as man, the reason probably being that their red blood corpuscles are nucleated an(d so take up and phosphorylate the vitamin more rapidly. As might be expected, the amount of the vitamin in human blood varies with the red and white cell count. A case of leuco-erythroblastosis and one of myeloid leukaemia gave values too large to estimate by Meiklejohn's method; when blood from the latter case was analysed by the method of , it was found that nearly all the vitamin was in the form of the pyrophosphoric ester. Two cases of lymphatic leuka,mia have criven normal values for the vitamin in blood. We do not yet know how easily the vitamin is liberated from the complex in the cell, but, as mentioned already, it is ,oossible that the requirement of the vitamin may be increased by an inerease(d number of cells in the blood taking up and " fixing " it. Conversely, these facts help to explain the low values for the vitamin in the blood in some cases of idiopathic hypochromnic anaemiii. Here three factors may all contribute: the nutritional factor, the low corpuscular volurme, and the achlorhydria. The last, how-ever, is inconstant; it, like the lowcorpuscuilar volume, is also found in cases of pernicious aneTmnia, w hichl have given normal valuies for vitamin in the blood. Verzar has stressed the importance of phosphorylation in the body. For this process to occur he suggests the presence of riboflavin phosphate is necessary, and for riboflavin to be phosphorylate(d the presence of a hormone of the adrenal cortex is necessary. Although this work is challenged in some quarters, it is possible that the a(drenal cortex may be concerne(d in the phosphorylation of the vitamin B1 and this, rather than the diarrhmea, mar explain the deficiency of the vitamnin in some cases of idiopathic steatorrhcea an(d cceliac disease-conditions which Verzar suggests are due to deficiency of adrenal cortical hormone.
The possible causes of deficiency of vitamin B1 which have been discussed above explain the low values which I have obtained in the course of analyses of blood in 409 cases. They also explain the incidence of beri-beri amongst the inhabitants of St. Helena, admiirably studied by P. B. Wilkinson (1938) . They further emphasize the fact that there are many contributory causes for such deficiency, apart from diet. \NXILKINSON, P. B. (1938) , Caduceus, 1.7, 21. \NVu HUNG TAK (1937), ibid., 16, 135. Dr. Paul Wood: The effect of vitamin B1 deficiency upon the cardiovascular system.
-Vitamin-B, deficiency as a cause of cardiovascular disturbance may be rare in this country, but its recognition is important because it is amenable to treatment. It should be looked for in cases of chronic alcoholism, and of prolonged dietetic deficiency, and should be borne in mind in dealing with pregnant women or with cases of right ventricular failure of doubtful aetiology.
Case I.-My interest in this condition was stimulated by an unusual case which I shall now describe. This was the case of a married woman, aged 35, who came into out-patients on June 24, 1937, complaining of diarrhcea immediately after meals, menorrhagia, and of weakness and pains in the limbs.
Previous illnesses include scarlet fever, chicken-pox, measles, whooping-cough, growing pains, and several " septic throats " as a child. She had always been regarded. as the delicate one of the family. At the age of 18 she suffered from palpitations, nervousness, trembling fits, pallor, and menorrhagia, but these symptoms improved after marriage at the age of 21. For the next twelve years she was relatively well, and had two healthy babies. Her only complaint was chronic constipation.
In August 1935 she became pregnant for the third time, constipation increased, and she began to suffer from gripping, fluctuating, lower abdominal pains, associated with a desire to open her bowels. During the fourth month of pregnancy lienteric diarrhoea developed, the stools consisting largely of slime. Treatment being unsatisfactory, she resorted to semi-starvation, taking only two slices of white bread and butter and a cup of milk, twice daily; occasionally she ventured a little steamed fish. Fruit, vegetables, and meat disappeared from the diet; no vitamin-B preparation or iron was taken. In the latter half of her pregnancy she complained of pains in the lower limbs and of numbness and tingling in the fingers and toes; when walking she was pulled up by a feeling as if tight bands were being tied round her calves. Six weeks after a normal confinement her child died, but no autopsy record is available.
The patient suffered from continuous menorrhagia for seven months after delivery (until the uterus was curetted) and again for three weeks before coming into hospital. The pains and paroe3thesia persisted, and latterly her legs appeared bruised and swollen. Fatigue-was a prominent symptom throughout, but palpitations and dyspncea developed late. The patient was a thin pale young woman in no immediate distress but very nervous.
The exposed skin surfaces were somewhat pigmented, a pasty greenish brown tint. Fading petechiae were scattered over the legs. The capillary resistance test was weakly positive. The gums were edentulous, but heart, throat and ears apparently normal, spleen not enlarged, tachycardia, a blood-pressure of 160/100, heart over-acting showing gallop rhythm; valves normal, no enlargement ; no congestive heart failure, lungs clear. The abdomen was soft and flat; no mass nor viscus was palpable, and there was no tenderness.
Physical signs related to the nervous system consisted of slight general muscular wveakness, diminished sensation to superficial stinmuli in the legs, loss of deep muscle pain on firm pressure of the calves, and of absent knee-and ankle-jerks.
The diagnosis was avitaminosis B and C duie to self-imposed semi-starvation because of lienteric diarrhoea and colitis; the anaemia wN-as probably due to deficiency of iron, of vitamin C, and probable deficiency of the extrinsic hemopoietic factor, and upon blood loss.
A week later, 30.6.37, she was admitted late in the evening, definitely worse, but the seriousness of her condition was not fully appreciated.
Pallor was more marked and there was slight dyspnoea at rest. The pulse was feeble, heart-rate 120, blood-pressure 120/80, and there Aas gallop rhythm. Signs of congestive heart failure wvere not observed. Red cell count 4,320,000, hoemoglobin 68%o.
She collapsed in the afternoon of 1.7.37 and at 5 o'clock she was pale, cold(, cyanosed, very restless, and short of breath. She was not sweating. The respiration was very deep, rapid, slightly hissing, suggestive of a (Iry bronchial tree. Though she twisted from side to side to relieve her breathing, she was not interested in a sitting posture. Despite the gross engorgement of the cervical veins the peripheral veins were collapsed. She complained frequently and bitterly of pain and soreness in the stomach.
She was suffering from an extreme degree of pure acute right ventricular failure. When the patient was propped up at an angle of 45', the cervical veins w-ere miarke(lly distended as far as one coul(l see ; the liver was enlarged and( tender ; an(d there was an extensive pad of oeclema at the back of the chest. On the other hand. the lungs were dry, and the air entry was very good down to the extreme base.
The heart-rate was still 120, but the systolic blood-pressure had dropped to 9() mm. of mercury. The size of the heart could not be assessed. There was gallop rhythm, the pulmonary second sound wvas split and markedly accentuated, and there wAere no murmurs.
There were no other changes from the previous findings. The temiperatuire di(d inot rise above 97°F. There was no fuirther homorrhage, no newv petechik, and no sigils of peripheral venous thrombosis.
An electrocardiogram showed right-axis deviation with inversion of T 3. Only 60 c.c. of urine were obtained by catheter. This contained a moderate amouint of pus, but no blood or casts. The amount of albumin present could be accoluntedl for by the pus and the presence of congestive heart failure. The white cell count was 14,000 per c.mm., 78% of wvhich wNere polynuclears, and the red cells were pale. The blood urea was 220 mgm.%.
The diagnosis lay between acute cor pulmonale fromi puilmonary embolisimi, urwemia and acute fulminating beri-beri. The relatives w ere then interviewed with regard to the events of the previous week, but no incident suggesting pulmonarv embolism had occurred. It transpired, however, that on June 25 the patient ha(d developed a general swelling of the face. Abdominal pain w=as constant, diarrhcea occurred apart from meals, and she took very little food.
Vitamin deficiency, especially B1, seemed a more probable causal factor. A reference to Hashimoto's article on an acute pernicious form of beri-beri heart failure showed that the similarity of the two cases was striking and the diagnosis wX-as no longer in doubt. Treatment was commenced immediately, and at 6 p.m. the patient received 2 mgm. (1,000 LU.) of crystalline vitamin B1 (aneurin) intravenouslv, and 4 mgm. (2,000 I.U.) intramuscularly. The preparation used was Benerva (Roche). Since a previous sample of this preparation had contained 818 44 histamine the intravenous dose was a cautious one. No reaction followed, and at 10.30 p.m. she was given another 3 mgm. (1,500 I.U.) intravenously, but she did not respond and died at 12.30 a.m. The dose employed may have been too small, but was based on the fact that Hashimoto's case recovered completely after 3 mgm. of purified vitamin B1 (oryzanin) intravenously. Post mortem the heart weighed 330 grm.; the right ventricle and auricle were dilated; microscopically there was marked fatty change in the myocardium; the colon was contracted, its maximum diameter was only 2 cm.; there were widely scattered petechiPe; the kidneys were healthy; there was no pulmonary embolus, and the lungs were quite dry and healthy. The pituitary gland did not darken after fifteen minutes' exposure to 0.4% silver nitrate in the dark. (Szent-Gyorygi test for vitamin-C deficiency.)
There can be little doubt this was a case of fulminating beri-beri heart failure. The dietetic history, the associated polyneuritis, and the pure acute right ventricular failure were characteristic. Evidence of peripheral vasodilatation was lacking, but was not especially looked for. This fulminating type of beri-beri is not uncommon in countries where the disease is prevalent. Adequate crystalline vitamin B, intravenously usuahy results in a dramatic cure (Hawes, 1937-38) .
From the writings especiatny of Wenckebach (1928, 1934) and Keefer (1930) s gathert t gthe ordinary cardiovascular beri-beri of the East is insidious in onset and takes a much more chronic course, although there is always the danger of sudden circulatory collapse and cardiac failure, especially when infection is superimposed. Such cases may show peripheral vasodilatation with warm skin, tachycardia, capillary pulsation, bounding arteries, and low diastolic blood-pressure. They also show right ventricular stress or failure with dilatation of the pulmonary artery, accentuated pulmonary second sound and right-sided cardiac enlargement during the stage of stress, and absence of orthopnoea, dry lungs, and the relatively short arm to tongue circulation time associated with a high venous blood-pressure, enlargement and tenderness of the liver, and dropsy during the stage of failure. Electrocardiograpbic findings are variable. X-ray may show marked prominence of MAY THERAP . 2 * the pulmonary artery, a sabot type of cardiac apex, and dilatation of the right auricle and superior vena cava.
In the early stages of the condition, when fatigue and palpitations are the olutstanding symptoms, one is reminded of the cardiovascular features of extreme amemia or of thyrotoxicosis with normal rhythm. The severe fulminating type with eirculatory collapse and acute right ventricular failure resembles acute cor pulmonale following pulmonary embolism. Diagnosis appears to be simple when marked vasodilatation is associated with obvious right ventricular embarrassment. Although cardiovascular beri-beri has been known for some years in Louisiana (Scott and Herrmann, 1928) , it has only recently been shown in the United States that the polyneuritis, pellagroid lesions, and cardiovascular dysfunctions, associated w ith chronic alcoholism, disappeared wAith adequate vitamin-B1 treatment in spite of the continued ingestion of alcohol by the patients (Strauss, 193.5) . Weiss and Wilkins (1936, 1937) investigated the cardiovascular disturbances (tue to vitamin-B1 deficiency in Boston. The majority of their cases were alcoholic addicts. They found that peripheral vasodilatation, a high venous pressure, and a fast circulation time were characteristic features, but they disputed the view that the left ventricle is spared, and recorded cases Nith paroxysmal cardiac dyspncea and pulmonary congestion. 15-40 mgm. of crystalline vitamin B1 intravenously daily were very effective.
As far as I am aware no similar investigation has been carried out in Englan(l.
But when such an investigation is carried out the cases of pure vitamin-B1 deficieney will have to be distinguished from those in which this deficiency is only a factor. History. Apart from a slight winter cough for many years he had been quite well until three months before admission, when he became short of breath. Despite having a holiday his condition deteriorated up to the time of admission, when he was breathless at rest. There had been no paroxysms of nocturnal dyspncea, no nocturia or dysuria, no wheezing, and no cardiac pain. Previous illness, a single attack of pleurisy twenty years previously. Family history not significant.
He was a waiter and reguilarly consurmed moderate amounts of all kinds of alcohol. His (liet included plenty of fruit and vegetables. No details of meals available. Findings on admission: Short of breath when at rest, but not orthopnceie, slightlv cyanosed, the cervical veins were not engorged, liver enlarged and tender, moderate ascites and cedema. Lungs not markedly congested, but few basal rales, the armii-totongue circulation time measuring only 22 seconds. Auricular fibrillation was present. Radiologically the heart was moderately enlarged, all chambers being involved, and the aorta was dense and( unfolded. There was no evidence of organic valvular disease, but there was a harsh mitral systolic murmur. The peripheral arteries were somewhat thickened, the fundi were normal, and the blood-pressure was 165/90-130 ,85.
Knee-jerks were sluggish, ankle-jerks, and abdominal reflexes absent. Pupils were normal as were the other reflexes and deep tendon-jerks. Pain, touch, and vibration sensations normal, no pain in the limbs and no paraesthesia. Plasma proteins 7-45 grm.%0; albumin 3-7 grm.00 and globulin 3338 grm.00; red cells 5,300,000 per c.mm.; haemoglobin 106% ; white cells 12,000 per c.mm., of which 78% were polymorphs. The Wassermann and Kahn tests were negative. The urine contained a trace of albumin, its specific gravity was between 1020 and 1030 at first and 1002 and 1020 when he had recovered. The uirea clearance test was 52% of normal.
Diagno8is. This was clearly a case of congestive heart failure with auricular fibrillation. The findings suggested failure of the right ventricle more than failure 820 46 821 of the left, but the electrocardiogram and the skiagram were against chronic cor pulmonale. The moderately thickened arteries and the unfolded aorta suggested hypertensive heart disease, but the blood-pressure was not elevated significantly, and the electrocardiogram did not suggest left ventricular enlargement. The X-ray, although coinpatible with such a diagnosis, was not strongly in favour of it.
In view of the history of moderate alcoholism and the absent ankle-jerks, vitamin B1 deficiency was considered as a possibility.
Treatment: Absolute rest in bed and fluid intake restricted to 1,200 c.c. daily. On the evening of the third day he was obviously going downhill. The ventricular rate wTas steadily rising. He was given 4 mgm. of aneurin intravenously. On the fourth day the ventricular rate had risen to 145 and he received another 4 mgm. of aneurin intravenously, after which he appeared to improve and the ventricular rate fell quickly. On the fifth, seventh, and ninth days, he received 2 mgm. of aneurin intramuscularly. He was now so improved that further treatment was considered unnecessary. The venous blood-pressure returned to normal, the liver decreased in size, the ascites and cedema cleared up. After three weeks he was allowed up and seemed remarkably well. There was no dramatic diuresis, but after the first week the urinary output approximately doubled. He was given tabs. dig. pulv. gr. i t.d.s. as a safeguard against undue tachycardia with effort, although his ventricular rate was 80-90 per minute.
He returned to work for three months but the dyspncea returned; he did not imnprove with treatment in another hospital up to the time of the international crisis of 1938, when he was discharged. Throughout this period and until his readmission on October 28, 1938, he had no special vitamin-B1 treatment. On admission there was generalized anasarca. His venous blood-pressure measured 25 cm. of water and his arm-tongue circulation time 27 secs. He received .50 mgm. of aneurin intravenously, but did not respond and died two days later.
Post-mortem showed little; the heart weighed only 435 grm. but little more than half the average weight of hearts which have failed for about twelve months from hypertension. No obvious valvular or myocardial disease. I understand from Dr. Sinclair, who kindly estimated the amount of vitamin B5 in the blood before the patient received his last injection, that gross deficiency was found. I do not claim that this was a typical beri-beri heart failure, but rather that vitamin-B1 deficiency was a major factor in accelerating the death of a man of 76 with auricular fibrillation.
The diagnosis of cardiovascular disturbance due to vitamin-B1 deficiency rests on the dietetic history, characteristic clinical features, the associated polyneuritis, the demonstration of reduced amounts of vitamin B1 in the blood or urine, and the dramatic effect of adequate treatment with the vitamin. It may be supported by the demonstration of pyruvic acid in the blood, and by positive adrenaline (Aalsmeer)l and pitressin (Wenckebach)2 tests.
Autopsy studies of the heart in fatal cases of beri-beri have yielded nothing specific. Wenckebach's theory (1928) of water retention has not been proved. Weiss and Wilkins (1937) state that the water content of the ventricles in some of their cases was similar to those of normal controls.
Treatment consists of the intravenous injection of from 10 to 50 mgm. of crystalline vitamin B1 daily in severe cases, and of intravenous, subcutaneous, or oral administration of smaller amounts (5-10 mgm.) in the milder forms.
1 After 1 mgm. of adrenaline subcutaneously the signs of peripheral vasodilatation are markedly accentuated and the cardiac action becomes stormy. The intensity of the reaction varies directly with the severity of the beri-beri. 2 The pitressin test. WVenckebach found that after an injection of pitressin the signs of peripheral vasodilatation disappeared and the cardiac action became peaceful for a period of about twenty-five minutes.
unemployed labourer, aged 29, who had suffered from duodenal ulcer for eleven years and recently from vomiting due to pyloric obstruction. He showed an cedema most marked in the lower limbs; the heart was not enlarged. He gave a positive Aalsmeer test. His diet was probably just sufficient for a normal man of his weight. The B, deficiency was probably due to impaired assimilation or to destruction of the vitamin. The response to vitamin B1 was dramatic. Weight fell, appetite increased, circulatory conditions rapidly improved, knee and ankle jerks returned, and calf tenderness disappeared. The vitamin-B1 content of the blood was low before treatment. Some 30 cases of polyneuritis investigated by the author support the view that the polyneuritis of alcoholism, pregnanev, and gastro-intestinal lesions, in some cases at least, is due to nutritional deficiency. Dr. R. S. Goodhart: The variety of pictures presented in beri-beri heart disease frequently makes correct diagnosis impossible, except through elimination or response to adequate vitamin-B, therapy. In this connexion it is important to bear in mind that right-sided cardiac dilatation is not essential for the diagnosis.
The amounts of vitamin B1 given in the treatment of beri-beri are often much too small. The therapeutic dose should never be less than four times the maintenance dose as calculated according to Cowgill's formula. As the maintenance dose for the average adult male is approximately 1 mgm. of the crystalline substance, the therapeutic dose should be at least 5 mgm. of crystalline vitamin B1 daily. Under some circumstances doses as high as 50 mgm. daily may be quite reasonable.
Pellagra is frequently found in alcohol addicts and is no longer considered to be a different disease in them from the endemic form. The skin, mucous membrane, and central nervous system lesions of pellagra have been shown to respond by improvement to nicotinic acid therapy. The peripheral neuritis which frequently occurs in association with this disease does not respond to this treatment, but does respond to vitamin B1 therapy. It might therefore be more reasonable not to regard peripheral neuritis as an intrinsic part of the disease pellagra. The essential pathology of pellagra is the mucous membrane lesion, such as stomatitis. The extent and severity of the skin lesions depend largely on environmental factors. The mental symptoms are of several types: gradual deterioration, Korsakoff's psychosis, and encephalopathy. The action of nicotinic acid upon the encephalopathy has yet to be proved to be a direct one: the improvement in the encephalopathy might be secondary to the improvement in the mucous membranes with the consequent improvement in the general well-being and nutrition of the patient.
The therapeutic dose of nicotinic acid is 100 mgm. or more daily. Spies recommends 100 mgm. five times daily for the treatment of pellagra.
It is most important for the practitioner to realize that no one deficiency is likely to occur alone in human beings. In treating the patient, a well-balanced diet, rich in all the essential food factors, should be supplied with the addition of therapeutically active amounts of the particular factor or factors from the deficiency of which he is chiefly suffering.
